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Abstract

Background—Many patients treated with hemodialysis remain anemic despite exogenous
erythropoietin therapy, suggesting the anemia experienced by these patients is multifactorial in
etiology. Iron deficiency, infection, inflammation, and malnutrition have been implicated in this
process. Additionally, secondary hyperparathyroidism has been associated with anemia in adults,
but little data exists on this topic in children.

Study Desigh—Cross-sectional, retrospective.

Setting & Participants—Children treated in hemodialysis centers (N=588) within the Center for
Medicare & Medicaid Services’ (CMS) 2002 Clinical Performance Measures (CPM) Project.

Predictor—Intact parathyroid hormone (iPTH) assessed in October, November, and December
2001 and categorized as quintiles.

Outcomes & Measurements—Achievement of a serum hemoglobin >11 g/dl was assessed by
Poisson regression adjusting for sex, age, race, dialysis vintage, vascular access type, single-pool Kt/
V, serum albumin, normalized protein catabolic rate (nPCR), calcium-phosphorus product, and
erythropoietin alpha dose.

Results—Using the second quintile (iPTH 103-224 pg/ml) as the reference quintile, there was no
association between quintile of iPTH and achievement of the hemoglobin goal: 15t quintile prevalence
ratio (95% confidence interval) 1.0 (0.9, 1.2); 3 quintile 0.95 (0.8, 1.1); 4™ quintile 0.99 (0.8, 1.2);
5t quintile 0.97 (0.8, 1.1). Only serum albumin > 3.5 g/dI (Bromocresol Green assay method) or >
3.2 g/dl (Bromocresol Purple assay method) was significantly associated with meeting the
hemoglobin goal 1.4 (1.2, 1.6).

Limitations—The simultaneous collection of iPTH and hemoglobin limits causal inference. Iron
stores and iron therapy are potential confounders not accounted for in this study.
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Conclusions—Inthe largest study on this topic in children, there was no association found between
iPTH levels and achievement of a hemoglobin > 11g/dl. Serum albumin was strongly associated with
achievement of the hemoglobin goal.

Index Words

secondary hyperparathyroidism; anemia; hemodialysis

Introduction

Methods

Sample

Patients requiring dialysis often develop anemia. Anemia is associated with impairments in
cardiac function, cognition, exercise capacity, and decreased quality of life (1-4). Studies in
both adults and children with chronic kidney disease (CKD) and end-stage renal disease
(ESRD) have shown that serum hemoglobin levels <11 g/dl have been associated with
increased morbidity and mortality (1,3,4,5). Determining factors that contribute to anemia in
these patients may limit such morbidity and mortality in this population. The anemia
experienced by patients with CKD/ESRD is thought to be primarily due to inadequate
endogenous erythropoietin production (1). However, many patients remain anemic despite
exogenous erythropoiesis stimulating agents (ESAS), suggesting a multifactorial process (6—
9). Iron deficiency, infection, malnutrition, inflammation, and secondary hyperparathyroidism
have been implicated as potential contributing factors in anemia (6—10,11). Several studies in
adults treated by dialysis have linked refractory anemia to higher intact parathyroid hormone
(iPTH) levels. There is a paucity of data on this topic in children treated with dialysis.

To evaluate the association between secondary hyperparathyroidism and anemia in children
requiring hemodialysis, a cross-sectional analysis of data from the Centers for Medicare &
Medicaid Services’ (CMS) Clinical Performance Measures (CPM) 2002 Project Special Data
Collection was performed. This data represents the largest available collection of iPTH values
in children on dialysis. We hypothesized that increasing degree of secondary
hyperparathyroidism was associated with lower serum hemoglobin in this population.

CMS’ CPM Project performs yearly assessments of the quality of care provided to ESRD
patients and included children beginning in the year 2000. For the 2002 project year only, a
special data collection was conducted to include calcium, phosphorus, and iPTH levels. The
data collection and sample methods of CMS’ CPM Project have been described previously
(12). In brief, clinical parameters and demographic data were obtained on all patients less than
18 years of age maintained on in-center hemodialysis during the data collection period:
October, November, and December of 2001 (12). Patients eligible to remain in the sample for
analysis had at least one measurement of serum albumin, hemoglobin, phosphorus, calcium,
weight, erythropoietin alpha dose, and paired pre- and post-dialysis blood urea nitrogen (BUN)
submitted. Patients were excluded if serum iPTH units were not documented.

Data Analysis

Corrected calcium was calculated using the Modified Orrell formula (13). Single-pooled Kt/
V was calculated using the Daugirdas 11 formula (14). Normalized protein catabolic rate
(nPCR) was calculated from available data (15). Erythropoietin alpha dose was analyzed as
units per kilogram per week.
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For the descriptive data analysis, mean values were calculated for age, dialysis vintage, spKt/
V, iPTH, serum albumin, nPCR, calcium-phosphorus product, serum ferritin, and
erythropoietin alpha dose using data from all three collection periods. Patients were categorized
by serum hemoglobin <11 g/dl or > 11 g/dl. Patients were also categorized by calcium-
phosphorus product of <55 mg2/dI2 or > 55 mg2/dI? for patients >12 years old and < 65 mg?/
dI2 or > 65 mg?/dI? for patients <12 years old based on National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (KDOQI) recommendations and targets (1,16). Patients
were also classified by serum albumin <3.5 (bromocresol green assay) or <3.2 g/dI
(bromocresol purple assay method) versus > 3.5 (bromocresol green) or > 3.2 g/dl (bromocresol
purple) based on serum albumin threshold levels historically reported in the CPM Project
(17). Additionally, nPCR was categorized as <1.0 or > 1.0 for those > 12 years old and <1.3
or > 1.3 for younger patients based on thresholds used in previous studies (18). Erythropoietin
alpha (units/kg/week) and iPTH (pg/ml) were evaluated as quintiles. Activated Vitamin D use
was recorded for each of the three data collection periods; however no information regarding
dose was collected. Therefore, activated vitamin D use was evaluated in a dichotomous manner
in the descriptive analysis. The type of vascular access was also examined in a dichotomous
manner comparing patients with a venous catheter to those with either an arteriovenous graft
or fistula. Race was categorized as “White,” “Black,” or “Other.” The outcome variable was
defined as obtaining a serum hemoglobin of >11g/dl or <11 g/dl based on KDOQI
recommendations (1).

Chi-squared and t-tests were performed to assess any associations between the various patient
characteristics and outcome. Collinearity was assessed using the variance inflation factor
method.

For each patient, there were three data collection periods and therefore, three possible iPTH
values. Many of the patients meeting inclusion criteria were missing at least one of the three
iPTH values. Therefore, multiple imputation was performed to complete the missing iPTH
data. Multiple imputation is a common statistical approach to limit bias and maximize precision
in the context of missing data. This statistical approach completes missing values for a given
variable based on other covariates, specifically the covariates shown to predict whether the
variable to be imputed (iPTH in this case) is missing (19). To identify predictors of missing
iPTH values, patients were first divided into those missing iPTH values and those not missing
iPTH values for each collection period. A binary outcome variable was created for each month
of data collection based on this distinction. A multiple logistic regression analysis was
performed for each month. Variables with less than five percent of values missing at a given
collection period served as the independent variables in the analysis. These variables included
age, race, sex, type of vascular access, dialysis vintage, and albumin. Missing data was imputed
based on variables identified as being associated with increased odds of missing iPTH values
as well as iPTH levels measured at other collection periods when available using multiple
imputation by chained equations analysis (20). Given that the non-imputed iPTH values were
severely right skewed, intact PTH was loge transformed prior to imputation. Five imputed
datasets were generated in this process. The bivariate and multivariate Poisson analyses
described below were performed on each imputed dataset with iPTH categorized as quintiles.
These quintiles were based on iPTH values on the arithmetic scale. Standard methods of
imputation were used to combine the results from the five imputed datasets.

Bivariate Poisson analysis was conducted to evaluate an association between iPTH quintile
and achievement of the existing KDOQI hemoglobin goal (1). The Poisson regression method
was chosen to estimate prevalence ratios and 95% confidence intervals (CI) in this cross
sectional analysis (21,22). The iPTH and hemoglobin values from each collection period were
treated as independent observations in the Poisson analysis. The lack of independence between
observations coming from the same patient was corrected for with robust standard errors.
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Robust standard errors were also used to address the tendency for the errors in the Poisson
model to overestimate the prevalence ratio standard errors when applied to binomial data. A
similar analysis evaluating iPTH as a binary exposure (> 300 pg/ml versus <300 pg/ml) was
conducted. Additionally, another bivariate analysis compared achievement of the hemoglobin
goal among patients with iPTH values persistently in the highest quintile (in all three monthly
collection periods) or with iPTH values that increased across monthly data collection periods
from October to December, to that of patients with iPTH values persistently in the lowest
quintile or with decreasing iPTH values across all three months.

Multivariate Poisson analysis evaluating the association between quintiles of iPTH and
attainment of the hemoglobin goal, adjusting for sex, age, race, dialysis vintage, vascular access
type, dialysis adequacy, serum albumin, calcium-phosphorus product, nPCR status, and
erythropoietin alpha dose was then performed (22). Ferritin was not included as an independent
variable in the primary analysis due to a large amount of missing values in each collection
period. However, a separate analysis including ferritin as an independent variable was also
performed. All analyses were performed in both the imputed and non-imputed datasets.

Intercooled STATA 9 statistical package was used to conduct all analyses (Stata Statistical
Software, version 9.1. StataCorp LP, College Station, TX). P-values of less than 0.05 were
considered statistically significant.

Of the 764 eligible patients enrolled in the 2002 CPM project, 588 (77%) met the minimum
data requirements for inclusion in our study. One hundred seven patients had no date of birth
documented, 37 patients had unclear iPTH units, 21 had no erythropoietin alpha dose
documented, 6 were missing values for weight, and the albumin assay method was unclear in
5 patients. The remaining patients had iPTH units recorded in pg/ml. Prior to imputation, 528
patients (90%) had at least one iPTH value recorded. One-hundred-forty-eight (25%) patients
had iPTH values for all three collection periods, 104 (18%) patients had values for only two
of the collections, and 276 (47%) had iPTH values for only one collection period. For the
October data collection, 341 (58%) patient had iPTH values available. For the November and
December data collections, 291 (49%) and 296 (50%) patients had iPTH values recorded,
respectively. The normal ranges for each assay were included in the data collection. The median
range was 10-65 pg/ml. Seventy-five percent of lower limit values were between 10-15 pg/
ml while 68% of upper limit values were between 65-75 pg/ml.

Excluded patients were more likely to be at least 13 years old (85% vs. 70%, p<0.001), have
dialysis vintage > lyear, (86% vs. 66% p<0.001), have arteriovenous fistulas or grafts rather
than catheters (78% vs. 45% p<0.001), have higher mean iPTH levels (522 pg/ml vs. 402 pg/
ml p=0.04), meet the spKt/V (94% vs. 87% p=0.009), hemoglobin (86% vs. 62% p<0.001)
and nPCR (85% vs. 52% p<0.001) goals. Excluded patients were less likely to meet the albumin
threshold (28% vs. 83% p<0.001) and calcium-phosphorus targets (21% vs. 45% p<0.001).
Since quintiles are defined by the included data, it is not surprising that the percentage of
patients in each quintile differed between included and excluded patients.

Table 1 compares demographic and clinical characteristics of the study population by iPTH
quintile. The mean age was lowest in the first iPTH quintile. There were a higher percentage
of patients with dialysis vintage of at least one year in the fifth quintile when compared to other
quintiles. Patients in the fifth quintile also had the highest median ferritin values. Patients in
higher quintiles were more likely to receive activated vitamin D supplementation than were
patients in the two lowest iPTH quintiles.
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Trajectories of iPTH were evaluated for the study population over time. Among patients with
an iPTH value recorded at all three collection periods, 18.2% had iPTH values that
monotonically increased with time, 21.6% had iPTH values that monotonically decreased with
time, and 60.2% had iPTH values that either increased then decreased, decreased then
increased, or plateaued at some point during their trajectory.

The median hemoglobin stratified by iPTH quintiles is shown in Figure 1. Fifty-eight percent,
61% and 64% of patients met the hemoglobin goal in the October, November and December
collection periods, respectively. When the hemoglobin values were averaged across all three
months, 62% of patients met the hemoglobin goal. Patients with serum hemoglobin > 11g/dI
were more likely to have an arteriovenous fistula or graft, to have longer dialysis vintage, to
be at least 13 years old, and to have serum albumin levels > 3.5 g/dl (BCG) or > 3.2 g/dl (BCP).
Patients meeting the hemoglobin goal had a median erythropoietin alpha dose 129 units/kg/
week lower than patients not meeting the hemoglobin goal.

Table 2 shows the results of the bivariate Poisson analysis performed to evaluate the
relationship between iPTH quintile and achievement of the hemoglobin threshold. The second
quintile was chosen as the clinically pertinent reference category as it included values within,
but not above the KDOQ)I target iPTH range of 200-300 pg/ml for patients with ESRD (16).
There was not a decreased likelihood of achieving the hemoglobin goal based on: 1) increasing
iPTH quintile, 2) iPTH > 300 pg/ml versus < 300 pg/ml, or 3) increasing/highest iPTH quintile
versus decreasing/lowest iPTH quintile.

The results from the multivariate Poisson regression examining the association between
quintile of iPTH and reaching a hemoglobin level of > 11 g/dl are presented in table 3. This
analysis adjusted for sex, age, race, dialysis vintage, vascular access type, adequacy, serum
albumin, calcium-phosphorus product, nPCR, and Erythropoietin alpha dose. There was no
collinearity. In this analysis, there was no association found between iPTH levels and
achievement of a serum hemoglobin of > 11g/dl. Examining the effect of iPTH as a continuous
predictor did not change this lack of an association. However, serum albumin levels > 3.5
(BCG) or > 3.2 (BCP) were strongly associated with achievement of the hemoglobin goal
(prevalence ratio, 1.4, 95%CI 1.2, 1.6). No evidence of an interaction between erythropoietin
alpha dose and iPTH as a continuous and quintile predictor was found.

Ferritin values were not included in the primary analysis due to the large amount of missing
data. Including ferritin in the model did not significantly affect the results. Using iPTH quintile
2 as the reference category, the analysis that included ferritin yielded the following results:
18t quintile prevalence ratio (95% CI) 0.95 (0.8,1.2); 3" quintile 0.9 (0.8, 1.1); 4" quintile 0.99
(0.8, 1.2); and 51 quintile 0.96 (0.8, 1.2). Analyses in the non-imputed dataset yielded results
that did not significantly differ from those presented from the imputed dataset.

Discussion

It is well established that untreated anemia can lead to decreased quality of life, impairments
in cardiac function, cognition and exercise capacity, as well as increased mortality in patients
treated by dialysis (1-5). There is also emerging evidence that anemia may contribute to
worsening kidney disease as a part of the cardiorenal anemia syndrome (4). Identifying factors
contributing to anemia in children on dialysis could impact the associated morbidity and
mortality in these patients. Several studies have identified secondary hyperparathyroidism as
one such factor in adults treated by dialysis (6,7,8,9). In 1978, Zingraff and colleagues first
reported an improvement in hematocrit, hemoglobin, and red blood cell count in 18 chronic
hemodialysis patients undergoing parathyroidectomy. In the subset of patients undergoing pre-
and post-parathyroidectomy bone marrow biopsies, the degree of bone marrow fibrosis
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improved after this procedure (10). Since that time, there have been other reports corroborating
these findings (7,9). More recently, Coen and colleagues found that patients undergoing
successful parathyroidectomy had an increase in serum hemoglobin despite a decrease in the
ESA dose (23).

Animal and in vitro studies suggest that hyperparathyroidism interferes with both red blood
cell production and survival. In an animal model of hyperparathyroidism, Drueke and Eckardt
found reduced red cell production. Parathyroidectomy resulted in increased red cell iron
incorporation in these animals, signifying increased red blood cell production (9). There has
also been conflicting evidence of a possible direct inhibitory effect of parathyroid hormone on
erythropoiesis, as well as reports of increased red cell osmotic fragility in the presence of high
iPTH levels, leading to decreased red blood cell lifespan (9).

Few studies on this topic have been conducted in children treated by dialysis, and those that
exist have been limited by small sample size. Seeherunvong and colleagues studied 23 children
on hemodialysis and found that the 4 children who required higher doses of ESAs had higher
serum iPTH levels than those maintained on the standard dose (24). Belsha and Berry
demonstrated that among 17 children receiving either peritoneal or hemodialysis, those not
responding to standard doses of ESAs had higher serum iPTH levels than those that did respond
(25). In our analysis, strengthened by a much larger sample size, we hypothesized that higher
iPTH levels would be associated with failure to achieve a goal hemoglobin of > 11g/dl.
However, a statistically significant relationship between iPTH quintile and achievement of the
hemoglobin goal was not found.

There are several possible explanations for the lack of association between iPTH and anemia
in this study. It may be that more extreme secondary hyperparathyroidism, such as iPTH levels
above approximately 800 pg/ml (represented by the 5™ quintile in this study), may be needed
before there is an impact on anemia. The relatively small number of patients (n=117) in the
study population with this level of secondary hyperparathyroidism may limit detection of such
an association. Many participants had missing iPTH values. We attempted to address the
missing data with multiple imputation, but it is possible that not all predictors of missing iPTH
were measured and included in the multiple imputation analysis. As such, misclassification
may have resulted, biasing the results toward the null hypothesis of no association. Intact PTH
and hemoglobin values were measured at each collection period and may not represent
hemoglobin or iPTH levels of the previous days, weeks, or months which may further
contribute to misclassification bias. Additionally, the slight variation in normal ranges for iPTH
values, suggesting more than one assay was used, may also contribute to misclassification bias.
Missing values for potential measured confounders such as ferritin as well as unmeasured
confounders may have resulted in residual confounding bias.

Not all factors known to contribute to anemia could be accounted for in this study. Measures
of iron stores and iron dose were missing an excessive amount of data and therefore were not
included in this study. These factors could potentially modify an association between secondary
hyperparathyroidism and anemia. The effect of iPTH on serum hemoglobin possibly may be
more pronounced in patients who are iron deficient as compared to those who are not. We were
also unable to account for inflammation which has been associated with anemia and
hyporesponsiveness to ESAs (11). Future studies would benefit from inclusion of markers of
iron stores and inflammation.

Low albumin has been repeatedly linked with anemia, and our results support such an
association (26—-29). Low albumin is known to result from both poor nutrition and inflammation
(11,30,31). Further study may reveal whether malnutrition, inflammation, or another process
predicts low serum albumin and its subsequent contribution to anemia.
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This study is limited by the cross-sectional nature of the analysis where hemoglobin, albumin,
iPTH, and other covariates were examined simultaneously. Thus results cannot be interpreted
as causal. In addition, the values measured at each collection period may not represent
hemoglobin or iPTH levels of the previous days, weeks, or months, which further limits causal
inference. However, when comparing patients with increasing and decreasing iPTH trends over
the collection periods, there was no significant difference in achievement of the hemoglobin
goals at the final data collection period. Also, the differences between included and excluded
patients may potentially limit the generalizability of these results. Additionally, children on
peritoneal dialysis were not evaluated in this analysis, which may further impact
generalizability.

In our study, the largest study to date on this topic in children treated with hemodialysis, iPTH
levels were not significantly associated with ability to achieve a threshold level of hemoglobin.
The lack of a statistically significant association between intact PTH levels and anemia in this
study does not rule out the possibility that secondary hyperparathyroidism contributes to
anemia, and does not diminish the importance of treating secondary hyperparathyroidism in
these patients.
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Figure 1.

Median and interquartile range of hemoglobin levels stratified by iPTH quintiles. Raw data for
PTH quintiles: 1, <108 pg/ml; 2, >108-<246 pg/ml; 3, >246 — <431 pg/ml; 4, <431 — <808 pg/
ml; 5, >808 pg/ml.

Conversion factor for serum hemoglobin in g/dl to g/L, x10; no conversion necessary for intact
PTH in pg/ml and ng/ml.
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Table 2

Bivariate associations between iPTH level and achieving the KDOQI recommended serum hemoglobin level of
11 g/dl or greater.

Patient Characteristics Unadjusted Prevalence Ratio p-value
(95% ClI)
IPTH quintile*
1 0.95 (0.8, 1.1) 0.5
2 Reference -
3 0.95 (0.8, 1.2) 0.5
4 1.02 (0.9,1.2) 0.8
5 0.95 (0.8, 1.1) 0.5
iPTH, pg/ml
<300 Reference
>300 1.01 (0.9, 1.1) 0.8
IPTH level
Q5 or 1 across all 3 collection 09
periods 0.98 (0.7, 1.3)
Q1 or | across all 3 collection Reference
periods

*
Average serum values defining quintiles (Q) across all 5 imputed datasets: Q1, <103 pg/ml; Q2, >103-224 pg/ml; Q3, >224-416 pg/ml; Q4, >416—
823 pg/ml; Q5, >823 pg/ml.

Conversion factor for serum hemoglobin in g/dl to g/L, x10; no conversion necessary for intact PTH in pg/ml and ng/ml.
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Adjusted associations between demographic and clinical patient characteristics and achieving the KDOQI

Table 3

recommended serum hemoglobin level of 11 g/dl or greater.

Am J Kidney Dis. Author manuscript; available in PMC 2011 February 1.

Patient Characteristics Adjusted Prevalence Ratio p-value
(95% CI)

Gender

Female Reference

Male 0.98 (0.9, 1.1) 0.8
Race

White Reference

Black 1.0 (0.9, 1.1) 0.8

Other 1.1(0.9, 1.2) 0.5
spKt/V

<1.2 Reference

>1.2 1.05 (0.9, 1.2) 0.5
iPTH quintile**

1 1.0 (0.9, 1.2) 0.9

2 Reference -

3 0.95 (0.8, 1.1) 0.5

4 0.99 (0.8, 1.2) 0.9

5 0.97 (0.8,1.1) 0.7
Albumin, g/dl

<3.2(BCP) or <3.5(BCG) Reference

>3.2(BCP) or >3.5(BCG) 1.4 (1.2, 1.6) <0.001
nPCR

<1.0(>12yrs) or <1.3(<12yrs) Reference

>1.0(>12yrs) or >1.3(<12yrs) 1.0(0.9,1.1) 0.4
CaxP

<55(>12yrs)/<65(<12yrs) Reference

>55(>12yrs)/ >65(<12yrs) 1.1(1.0,1.2) 0.2
Erythropoietin o quintile***

1

2 Reference

3 1.0(0.9,1.2) 0.6

4 0.8 (0.7, 0.9) 0.001
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Patient Characteristics Adijusted Prevalence Ratio * p-value
(95% CI)

5 0.8(0.7,0.9) <0.001

0.6 (0.5,0.7) <0.001

*
Adjusted for all covariates in table, age, dialysis vintage, and type of vascular access

Fk

The average serum values defining quintiles across all 5 imputed datasets: quintile 1 (<103 pg/ml), quintile 2 (>103-224 pg/ml), quintile 3 (>224-
416 pg/ml), quintile 4 (>416-823 pg/ml) quintile 5 (>823 pg/ml)

FokKk

Erythropoietin alpha quintile 1 (<128 units/kg/week), quintile 2 (>128-218 units/kg/week), quintile 3 (>218-332 units/kg/week), quintile 4 (>332-
500 units/kg/week), quintile 5 (>500 units/kg/week)

Conversion factors for units: serum hemoglobin in g/dl to g/L, x10; serum albumin in g/dl to g/L, x10; serum calcium in mg/dl to mmol/L, x0.2495;
serum phosphorus in mg/dl to mmol/L, x0.3229. No conversion factor necessary for intact PTH in pg/ml and ng/ml.

Abbreviations:
Abbreviations: BCG, bromocresol green; BCP, bromocresol purple; spKt/V, single-pool Kt/V.
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